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ABSTRACT
This report contains data, with appropriate evaluation and discussions , co l-

lected during the first season on board the S.S. SEA-LAND McLEAN. Data col lection
began with westbound Voyage 1 on October 8, 1972 and terminated wi th the eastbound
passage of Voyage 12 on Apri l 5, 1973. A total of 80 data tapes were recorded con-
taining in excess of 50.000 separate data Intervals from more than 100 transducers .

Discussions Include a description of the digitized data, con~ari sons ofstresses with sea state, simultaneous response data from all transducers duri ng
selected portions of a rough voyage, and a consideration of torsional responses.

The reports from the second and third data-col lection seasons are not being
published in the Ship Structure Coim’iittee series of reports but they are available
through the National Technical Information Service under the followi ng titles .

SL-7-9 - Second Season Results Frcqn Ship Response Ins trwnentation Aboard The
SL—7 Class Containership 5.5. SEA-LAND MCLEAN In North Atlantic
Service. 1976. AD4034162.

SL- 740- Third Season Reeu l.ta From Ship Respon se Instrumentation Aboard The
SL-7 Class Containerehip 5.3. SEA-LAND MCLEAN In North Atlantic
Service. 1976. AD-A034175.
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I. INTRODUCTION

The S.S. SEA—LAND McLEAN is th~ first of the new SL-7 class of high-speed con-tainerships . Salient particulars of the vessel are given in Table I , and the yes-
sel is shown in Figure 1. A multifaceted program of analysis and experiments ,
coordinated by the SL-7 Program Advisory Coninittee of the National Academy of
Sciences--National Research Council , has been instituted to study th i s ship ’s
structure and its responses to imposed loading. One important facet of this
program i s the collection of data on structural and dynami c responses of the actual
(i.e., full scale) ship ’s structure. This is being accomplished by an on-board
instrumentation system with sensors located throughout the vessel measuring strains ,
stresses, accelerations , various sea characteristics and ship operating parameters
(see Reference 1). Presented in this report is a cross-section and suninary of the
data gathered during the first season of operation on North Atlantic Voyages 1-12
during the period 8 October 1972 to 5 Apri l 1973.

Collecti on of full-scale data Is necessary from a nLmlber of standpoints. Any
predictions resulti ng from mathemati cal analyses or experimental models must ac-
curately characterize the actual structure, or must be correctable, in a known way ,
to correlate the technique to the actual structure. Full-scale data , properly
interpreted , provides the cri terion against which all predictive techniques of
structura l response must be judged. A secono but equally important use of full-scale
data is to provide the input loads which form the basis of the rati onal design . Such
l oad cri teria can be gathered directly from a characterization of observed service
conditions , such as wind and wave probability distributi ons , or inferred from the
response of the vessel to the combination of these conditions. The latter scheme
requires a knowledge of the structure ’s input-output or transfer function which again
can be provided by adequate full-scale data describing loads and responses. In sum ,
full-scale data provides three i ndispensable parts of rat ional des ign : i n put loads ,
responses , and the deri ved characteristics of the link between the two.

Since different aspects of the full-scale data are of interest to different in-
vest igators , no sunanary can provide an exhaustive or even adequate characterizati on
of all the gathered data . Indeed , the basic form of the data , analog or d igi tal
records on magnetic tape , is not reproducible here , The objective of this report ,
therefore, is to document the quantity, limi ts, and formats of the data now available
and to present a cross-section and suninary of it in a few of the forms most obviously
useful to investi gators. As a further aid to those interested , a descri ption is
given of some further possible data sunrary characteri zation and analysis schemes ,
along wi th their relati ve costs.

II. INSTRUMENTATION SYSTEM

The shipboard instrumentation system is described in detail in Reference 1;
therefore , no attempt will be made in this report to dupl i cate that information .
Rather , a brief description of the important features , with special emphasis on the
data flow, will be presented as a convenient sumary.
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A. Shipboard

Al l  of the information obtained from the various transducers located through-
out the vessel is recorded on two 14-track analog FM tape recorders located in the
instrumentation room. Recorder No. 1 , designated the p r i m a ry recorder , records the
s ame 13 signals whenever it is placed in operation. The fourteenth channel is used
as a noise compensation channel during reproduction .

The second recorder has its first thirteen channels switched through four
modes , des i gnated A, B , C, and D. Each mode is recorded for thirty mi nutes séquen-
t i all y. Channel 14 is again used as a compensation channel in all modes. Each 30—
m inute period is a data “interval ” , and i s ass i gned an i nterval num ber. Any
part i cular  segme n t of data can thus be ident i f i ed by referri n g to the fo l l o~iing nomen-
clature .

1. Tape number-- (A1 l odd numbers are from No. 1 Recorder
and all even numbers are from Recorder
No. 2).

2. Voyage number and direction (E = East , W = West).

3. Index number (sequential numbering of each four-hour log-
book entry accompany ing each data tape).

4. Channel number and mode letter (Recorder No. 2 only)

5. Interval number.

Thus , by specifying “Ta pe No. 1 , Voyage l-W , Index 1 , Channel 1-A , erval 1”
a very specific 30-minute data i nterval is identified . A compl te suninary of the
signal assignments is provided in Table II. This presentation is in the same format
used in Reference 1. Table III contains a list of sensor and signal abbreviations
used in Table II and throughout this report.

Each interval of 30 mi nutes , whether on Recorder No. 1 or No. 2 is auto-
matically preceded by a one-mi nute electrical zero and a one-minute period of cal-
ibration signals.

1. Strain Gage Signals

The majori ty of the transducers used in this system are obtained from
various configurations of single-element strain gages wi th a~sociated bridge comple-tion and calibration resistors. These gages are attache~1 to the surface of various
hull structural elements. Each strain gage is constructed with inherent temperature• compensation. That is , if the gage is attached to a plate which is subsequently
warmed (or cooled) but is otherwise unrestrained , no change i n stra i n w i ll  be in-
dicated . If that plate is now restrained from expansion due to the temperature
change , a stra i n , associated wi th the degree of restoring stress necessary , will be
ind~cated even though no change in length occurred . Such a restraint is generated ,
for example , when the sun warms the deck or upper hull girder while the l ower hull is
in cooler water. This diurnal variation tends to induce compressive deck stresses
and tensile stresses under the waterl i ne even though the displacement tends to hog
the ship.
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Sketches summarizing the locations of the strain gage sets are presented
i n Figure s 2 and 3. It should be noted that the single-element strain gages used
are installed in various configurations which have different properties. These
are described in detail in Reference 1 , but can be summari zed as fol lows:

a. Single element (quarter bridge) - a single strain gage element. Its
output is proportional to the strain along the element.

b. Dyadic gage - two single elements at an angle of 56° to each other.
In this configuration the Output IS proportional to the stress along the axis of sym-
metry.

c. A dyadic pai r of gages ori ented longitudinally on each side of the
ship, each ~ir connected to one arm of the bridge circuit. Depending on whether the
arms are opposite or adjacent, the output of this arrangement is proportional to the
vertical or horizontal bending stress .

d. Shear gage (half bridge) - two single elements at right angles to
each other. The output is proportional to the shearing stress along the axis of sym-
me try.

e. A shear gage half bridge on each side of the ship connected to form
a full bridge . Depending on the polarity of the connection , the output is propor-
tional to the vertical or torsional sheari ng stress.

f. Rosette - three single strain gage elements , each in a different
direction , near a poi nt. This is a special case of the single element gage. Each
signal output is recorded separately and simultaneously. These readings completely
define the state of strain (both the normal and sheari ng strains , i,n any direction)
at this point. In the McLEAN installation , the rosette gage elements were oriented
in a longitudinal , athwartship and diagonal (from forward port to aft starboard)
di rection.

• 2. Transducer Signals

In addition to the strain gage signals discussed above , 10 additional
transducer signals are provided as i nputs to the recordi ng system. These signals ,
eight linear accelerometers and two angular displacement pendulums , are fully
described in Table IV. The pri mary function of these signals is to provide a record
of sh ip motions occurring at the same time as the recorded strain gage information .

• 3. Ship Operating Parameters

In order to supplement the logbook i nformation , several of the ship oper-
ating parameters are obtained from various ship transducers using repeater devices
located in the instrumentation room. Electrical outputs are taken from these de-
vices and multiplexed prior to recordi ng on Channel 10 of Recorder No. 1. The five
parameters obtained In this manner are rudder angle , port and starboard shaft RPM ,
and wi nd speed and direction . A physical record of ship 5 s course is obtained from

• an analog recorder located In the sea cabin behind the bridge . These records are
available at any time and will be obtained for the manned voyage when no longer re-
quired by regulation to be kept aboard the vessel.

1 ’  _  
_
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4. Wave Height Radar

One parameter which has always presented a problem to the researcher is
the measurement of the actual wave condition in a continuous manner. A new attempt
to solve this problem has been made by includi ng an IlOcean Wave Height Radar System”
(OWHRS) developed by the Naval Research Laboratory as part of the instrumentation
package . This device was operational for several voyages during the past season and
the data , in the form of slant-range information , was recorded on Channel 3 of Re-
corder 1.

The signal , as recorded , contains the components of the various ship
motions. These parameters must be removed before the true sea profile can be re-
produced. No detailed analysis of this information will be presented in this docu-
ment, but several samples of the data will be presented in subsequent sections.

5. Tucker Wave Meter System

A second attempt to achieve wave data has been made in this program by
the inclusion of a Tucker Wave Meter aboard the vessel. This British device , which
consists primarily of pressure cells and accelerometers mounted both port and star-
board , was i nstalled at the end of the first season ’s operation . Evaluation of data
from this device will be one of the tasks undertaken when reducing second-season
data.

6. Scratch Gaies

As a supplementary program , mechanical scratch gage installations at a
midship location have been installed on all eight vessels of the class. The device
consists of a simple extensometer with mechanical amplification which causes a stylus
to mark on sensitive paper. The paper is advanced once every four hours and the
record thus obtained shows the maximum positive to maximum negaNive excursion of the
stylus in a four-hour period . One scratch gage is located in each ship ’ s starboard
tunnel near the midship frame except for the McLEAN , which has one scratch gage in
each tunnel . Data tapes are being sent directly to the Ship Structure Comittee after
collection by Teledyne. No data analysis is presently being undertaken by TMR , nor
is the data presented In this report.

7. Logbook

An important adjunct to the data recorded on the two magnetic tape re-
corders is the data logbook kept by the instrumentation observer. Figure 4 shows
typica l logbook entries. Envi ronmental conditions are noted here along with informa-
tion to Index the tape recordings. All sea , wind and wave conditions reported in
this document are derived from this source.

8. QuIck-looks

The data reduction process actually begins wi th “quick— look” playbacks
made aboard the ship. Each tape is played back on an oscillograph at a relatively
high speed , with a low paper speed . This produces a compact hard—copy record for
review . Si gnal peaks , relative levels and overall variations may be judged from
these records but details of the waveform cannot be seen.

-r
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In  sum , shipboard data gathering produces analog magnetic tapes of the recorded
data from two tape recorders running simu ltaneously. In add ition , a ma nual l ogbook
record i s maintained which correlates the magnetic tape data with the conditions
exist ing at the time of the data. Quick-look records are also produced for on-site
quality control purposes , but these have l ittle applicat ion to mos t data anal y s i s
procedures except for scaling an overall maximum value for each interval.

B. Dat a Anal ysis Operations at TMR

1. Hard-Copy Analog Record s

As shown i n  F i g u r e  5, the preponderance of data reduction takes place
after the recordings are removed from the ship. After review of the logbook records
and taking into account the notes of the on-board observer , certain sections of data
are played back onto hard-copy oscil lographic records . Details of this operation
depend on the type of analys is being done ; it may be desired to compare one channel
relative to another for a long period , or only the response for a short period around
some event such as a slam. Examples of hard-copy analog records are presented in
later sections.

2. Filtering and Digitizing

Most large-magnitude stress record s , especially those associated with
slanini ng and similar dynamic events , can be separated into two components: wave-
induced , and fi rst mode (“whipping ” , or “spr inging” ). Each component is character-
i zed by its frequency. Fi rst-mode frequencies are typically on the order of 1 Hz ,
whi le wave-induced components are l ower in frequency (i.e., longer in period).
Separation of these components is accomplished by passing the electrical signal repre-
sen ti ng the stress level or se nsor output th rough electr i cal f i lters adjuste d for
the appropriate bandpass frequencies. The resulting filtered signal (or the original
c ombined signal j may then be reproduced on an osci l lograph to produce a hard copy ,
or i t  may be digitized in order to change its format for further processing.

Certain channe ls are selected for digit izing and further processing in-
to library tapes. The details of this process are presented in Reference 2. In
this step the logbook record is collated wi th the corresponding stress or motion
data. In addition to a digitized data record , this operation also computes numbers
characterizing each data inte rval , such as the maximum peak-to-trough , root-mean-
square (RMS), number of peaks , etc . Some of these data have been used further in
various analyses described below .

The l ibrary tapes can be further summari zed by deletion of the complete
digitized record . This summary tape can provide a computer-generated listing of
environmental and characteristic data. Examples of these data are provided as a
separate Appendix to this report . The summary tape also provides the data base for
the parametric studies discussed below . Header block and data sumary bloc k formats
for summary tapes are given in Tables V and VI , respectively. It should be noted
that sumary tapes do not contain data on which to base spectra , nor , as presently
st ructured , do they conta in computed values for the original waveform . Values re-
port.~d are only for the wave-Induced (maximum , RMS) and first-mode (maximum only)
component s.

A general suninary of the SL-7 data formats currently available is
presented in Table V II.

/
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TABLE V

DIGITAL TAP E HEADER BLOCK FORMAT

Byte Infor mation Format

1 — 134 Tape Identification 8—bit EBCDIC

135 — 138 Number of Voyages on Tape 32—bit binary

139 — 142 First Voyage Number 8—bit EBCDIC
143 — 146 No. Intervals in First Voyage 32—bit binary

147 — 150 Second Voyage Number 8—bit EBCDIC
151 — 154 No. Intervals in Second Voyage 32—bit binary

155 — 158 Third Voyage Number 8—bit EBCDIC
159 — 162 No. Intervals in Third Voyage 32—bit binary

and so forth

unused bytes zero—filled

-
Ic

/
1 1
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TABLE VI

INTERVAL SUMMARY BLOCK FORMAT

Byte I n f cr m a t f o n  Fo rmat Byte Information  Format

1—7+ 11—12 Analog Tape Number 8—bi t 119— 128 Blanks 8—bit

8— 10 Voyage Number & Direct. EBCDIC 129— 157 Comments EBCDIC

13- 15 Logbook Index Number I 158— 256 Zeros

16— 18 Interval Number 257— 260 No. Wave Induced 32—bit
Cycles I Binary :

19— 26 Da te

27— 30 Time (Eastern Std .) 261— 264 No. of Bursts
of Wave-
Ind u ced Stress

31— 37 La titude

38— 45 Long itude 265— 268 RMS Wave—Induced
St ress , psi

46— 48 Course

49- 52 Ship Speed (MPH) 269— 272 Max. P—T Wave—
Induced Stress ,
psi

53— 56 Shaft RPM 273— 276 Max. P—T 1st Mode
S t ress , psi

57— 58 Beaufor t Sea State

59— 62 Rela tive Wind Dir.

63— 64 Rela tive Wind Vel . 277— 280 Mean Relative
(knots) Stress Level

65— 66 Tru e Wind Veloc ity 401— 404 1st Wave—Induced 32—bit
(knots) P—T Detected Binary

67— 70 Rela tive Wind Dir. 405— 408 2nd Wave—Induced
P—T Detected

71— 72 Wave Heigh t ( f e e t )

73— 74 Wave Period (sec.) 409— 412 3rd Wave—Induced

I P—T Detected

75— 77 Wave Length I
• 78— 81 Rela tive Swell Dir.

82— 84 Swell Heigh t (feet)

85— 88 Swell Length (feet)

89— 93 Barometric Press , “Hg 2273—2276 469th Wave_ Induced
!

P—T Detected

94— 95 Sea Temp . (°F)

96— 98 Air Temp . (°F) 2277—2280 470th Wave—Induced~
P—T Detected

99— 118 Weather ‘ 
_____ 

__________ -- _

.1
‘

Ii
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TABLE V II

SUMMARY OF CURRENT DATA FO RMATS

Format Characteristics

Analog Tapes Recorded at 0.3 ips, FM IRIG l ow-band , 270 Hz center
frequency--13 dat a tracks , 1 compensation track--tape 1”
w ide, 0.001” thick , 3600 feet on 10 1/2-inch reels. Each
30—mi nute interval preceded by zero and calibration signals.

Osc illograph Records Quick-looks reproduced aboard ship at 200:1 speed up--3 to
4 tracks per record--al l tracks reproduced--30 minutes
occupies about 3 inches of record.

Expanded time-histories of selected tracks--used for
instantaneous comparisons.

Dig ital Library Tape* 12 ,000 data points at 10 samples/second (real time)
(unfi l tered) from each interval of selected transducers
on Recorder No. 1 , plus logbook data, plus computed values--
approximately 700 intervals.

Summary Tape* The Digital Library Tape with the digital record deleted ,
leavi ng computed results and logbook data. One Summary
Tape contains data from the entire season from one trans-
du cer.

Logbook Envi ronmental and ship operational data manually entered
by system operator. Data is coded and entered on Digital
Library Tape.

TAB Prlntout* All logbook data plus computed data characteristics for
each transducer , from the Sumary Tape.

PARM Data Cards * RMS and maximum data values plus selected logbook data
for paramet”i c studies .

SPLOT Output Plots of data means vs. any parameter (such as Beaufort
Number), classified Into families of five subgroups.
Tabulati ons also available (see Appendix B).

*See Reference 2-b.

I
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III. RESULTS

In general , the results of the fi rst season of manual data acquisition were
gratifying. Large quantities of high -quality data were recorded . In any equipment
of this complexity operating over an extended peri od , some failures or breakdowns
are expected. However, due to the presence of the observer/operator , the effects
of these were minimi zed and they were quickly corrected . His presence also assured
proper correlation of the vital environmental data.

A. 1972—1973 Operating Season

It was originally planned to have the system operational in time to take
part in both builder ’s and owner ’s sea trials. Unfortunately, due to the number of
add itional passengers scheduled during these tests, It was not physically possible
to have Teledyne engineers aboard the vessel . At the time of the fi rst trial , the
system had been fully installed but had not had its final adjustments completed .

1. Manned Operations

Two Teledyne engi neers met the vessel in Rotterdam upon her return
from her fi rst sea trials on September 16, 1972. These engineers worked aboard
unti l September 28, 1972 when the vessel went on its second trial. It was decided
that it was still impossible for Teledyne engineers to take part in the trials , al-
though the system was operational and ready to record data. The ship left on Sunday ,
October 8, 1972, for New Jersey with two Teledyne engineers aboard. Recordings be-
gan on that date and continued throughout the westbound leg of Voyage 1. Both engi-
neers rode the vessel to New Jersey. During this voyage and subsequent roundtrip
Voyages 2 and 3, two Teledyne engineers rode the vessel. This manning scheme al-
lowed TMR to have four engi neers trained in system operation , and provided the addi-
tional manpower required during the system start-up.

2. Voyage Sun-m an es

A sumary of the voyage and data as recorded by dates and tape number
is listed in Table V III . With the exception of the westbound leg of Voyage 5, the
vessel was manned by TMR personnel during each crossing from Voyage 1 in October ,
1972 to Voyage 12 In April of 1972. Manning was terminated for the season when the
ship returned to Rotterdam for drydocking in Apri l , 1973.

3. Logbook Data

Duri ng each crossing the operator kept a data log in which he made in-
dicated entries once every four hours. Logbook Index numbers begin at No. 1 for
each crossing and typically there are 30 to 32 entries per crossing.

The recording plan during the past season was to record for two out of
every four hours when operating in the automatic mode. Thus , there are normally four
data intervals associated wi th each log Index entry , and , since a tape can run for a
maximum of 40 hours real time and each data i nterval Is 30 minutes in length , it is
theoretically possible to have 80 intervals per tape. In practice , the operators
have changed tape in each machine at the beginning of each voyage. These fi rst tapes
normally contain 68 to 72 intervals , allowing for unused tape at the beginning and
end of each reel. Usually a little more than half way across two new tapes are
l oaded. These second tapes have varying numbers of Intervals dependent on such Items
as the ship ’s speed, associated progress , and just when the system is secured . This

/
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19,811 VIII

AJIALOG TAPE AND VOYAGE SOlitARY

Data Collectio n D.ta Tape. Noaber of
!~zli! Direction Dates Produced Ta~~~(Tape Nombera )

1 Wa .t 10/8/72 to 1 .2~ 3~4 4
10/13/72

2 East 10/15/72 t o  5 .6 . 7~ 8 4
10/19/72

2 West 10/23/72 to 9 ,10 .11.12 4
10/27/72

3 East 10/29/72 to 13 .14 .15.16 4
11/2 /72

3 Seat 11/6/72 to 17.18,19.20 4
11/10/ 72

4 East 11/12/72 to 21 .22 ,23 .24 4
11/16/72

4 Seat 11119/72 to 25~26 ,27 ,28 4
11/24/ 72

S East 11/26/72 to 29 ,30,31. 6
12/4/72 32.33 ,34

5 West Vessel Not Menned
No Data Collection

6 East 12/2 9/72 to 35 ,36 2
1/4/73 One Recorder

Tiae— Shared
6 Seat 1/7/73 to 37.38 2

1/12/ 73 One Recorder
Ties—Shared

7 Rut 1/14/73 to 39 .40 .41 ,42 41/19/ 73

7 West 1/24/73 10 43 .44 .43 ,46 41/29/73

6 Eas t 1/30/73 to 47 .48.49.30 42/4/73

8 West 2/8/73 10 51 ,32 ,53 ,54 42 /13/73

9 East 2/ 15/73 tO 55 .56 , 57 .58 72/20/73

9 Seat 2/24/73 to 
59 .6O • 61~ 62 4• 3/1/73

‘
~~~ 3/13/73

10 East 3/3/73 to 63 .64~ 63 ,66 43/6/73

10 Seat 3/11/73 to 67 .68 ,69 , 70 4

11 East 3119173 tO 71,72 ,73~74 4• 3/24/ 73

11 West 3/26/73 to 75 ,76 ,77 ,78 43/30/73

12 Eas t 4/1/73 to 79~~~ 2413/73

I
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past season an average of 48 to 50 intervals are found on the second tapes. In
s ummary , during each crossing 2 tapes are usually recorded on each tape machine.
The Interval numbers on each tape can run from 1 to 80 and these intervals are as-
sociated with logbook i ndexes 1 to 32 for each crossing.

4. Sea State Profiles

To assist in understanding the distribution of sea states encountered
during the fi rst data season , Figure 6 has been prepared . This figure depicts the
occurrences of the various Beaufort Numbers reported divided into eastbound and
westbound voyages . The basis for these data is the logbook entry for sea state re-
corded once every four hours by the operator. A total of 623 entries were made du r-
ing the recording season ; 324 during eastbound crossings and 299 duri ng westbound.
Normally, four data intervals (30-minute recordi ng periods) are associated with each
log entry. Thus , to obtain the total number of data intervals available at each sea
state, it is necessary to multiply the number of logbook entries by four. The
dominant Beaufort Numbers are in the range of 3 to 7, with the most entries obtained
at Beaufort 4.

A summary of the more Important logbook data is presented in Appendix A.
This listing contains the followi ng data:

a. Voyage Number and Di rection
b. Recorder No. 1 Tape Number
c. Interval Number
d. Index Number
e. Date
f. T ime (GI’IT)
9. ShIp Speed in Knots
h. Beaufort Number
i . Relative Wave Direction
j . Weather Observation
k. General Coimnents

5. StatIc Calibration

In order to obtain veri fication of the accuracy of the instrumentation
system operation a static calibration test was performed on the vessel at the loading
terminal in Rotterdam on April 9 and 10, 1973. This test sequence , by judiciously
controlling the unloading sequence , was designed to create known, or at least cal-
culable levels of bending and torsi onal stresses. By comparing calculated values wi th
system outputs a judgment of Instrumentation system performance Is obtained. The re-
sults of this experiment are not reported here but have been issued as a separate

• • 
document (see Refe rence 3). However, the fo llowing general conclusions can be drawn
based on the data gathered during the calibration experiment:

a. The maximum observed normal stress for the calibration loadings oc-
curs in the hatch corne r doublers (Hatch 9) just forward of the aft house in a direc-
tion parallel to the deck and at an angle of 22 degrees to the ship centerline.
Other hatch corners , at stations where hatch width changes are encountered, exhibited
high shear stresses near the stress rel ief cutouts.

b. The max imum calibration stresses are one-eighth to one-half of the
maximum peak-to-trough stress observed under normal seaway conditions. To put it

/
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another way , the applied calibration l oads , or load distri butions are approximately
one-eighth to one-half of those generated in a seaway for most gages.

c. Due to the low strain levels induced and the temperature differences
encountered during the calibration , thermal effects could account for a substantial
portion of most measured strains .

d. The midship transverse gi rder is a more sensitive indicator of
torsion than the midships torsional shear sensor installation.

6. System Reliabilit y and Performance

System performance during the first season was consistent wi th that
expected from an installation of this magnitude. No strain gage circuits experienced
any failures . During Voyage 6 and part of Voyage 7 tape recorder prob l ems were en-
countered wh ich required the time—sharing of one unit until an additional machine
could be obtained and the defective unit repaired . It should be pointed out that
most of the equipment in the system is not new and has seen previous sea duty on
both the ABS “Large Tanker Program” and two years of operation aboard Sea-Land ’s
S.S. BOSTON.

Several data amplifiers did fail but on-board spares permitted replace-
ment within a short time . In addition , failure of several of the accelerometer units
were experienced . By selective switching of units , it was possible to keep the
si gnals of primary interest operational during most of the data intervals.

In general , system performance was good and the fact that it was oper-
ator-controlled contributed to its overal l excellent reliabil ity.

The system was re-energized in the Fall of 1973 prior to the first
manned voyages of the second season .

B. Data Presentat ion

1. General

As listed in Table V II I , 80 analog data tapes were produced during
the past operating season , 40 from each recorder. A data summary book has been
prepared for reference wherein every interval on every tape is identified by trans-
ducer.

During the fi rst season , Voyage No. 4 presented some of the most in-
teresting data from the standpoint of exhibiting the heaviest weather wi th a variety
of relative sea directions . Since some characteri zation of the response data from
all transducers was desired , but the volume of data availab le was large , this voyage
was chosen for presentation in detail. Parametric studies were undertaken for all
voyages 1 however.

2. Parametric Studies

Starting with the Summary Tapes , eight Recorder No. 1 data channels
were selected for processing by the parametri c studies computer program (see
Reference 2 and Figure 5). These channels were:

- • -
~~~~~

-. - - _ -
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a. Chann el 1 — Longitudinal Vertical Bending (LVB)

b. Channel 2 - Torsional Shear Midships (TSM)

c. Channel 4 - Roll
d. Cha nnel 5 - P i tch
e. Channel 8 — Forward Vertical Acceleration ( FAV)
f.  Cha nnel 11 - Longitudinal Horizontal Bending (LHB)
g. Channel 12 - Shear Forward Port (SFP)

h. Channel 1 3 - Shear Forward Starboard (SF5 )

The RMS and maximum peak-to-trough wave-induced component of each
of the above parameters was plotted against Beaufort Number (although this is a wind
scale , the number reported corresponds generally to a well -defined sea condition) in
various families of ship speed or relati ve sea directions. In order to der i ve a
single characteristic value within each Beaufort Number , the mean of both the maximu m
and RMS values per interval were plotted. These results are presented in Appendix B.
Three types of data presentations are included for each data set:

a. A dot-plot of all values ) interval RMS or max imum peak-to- trough .

b. A mean value plot of interval data set against ship speed or rela-
tive wave direction groups .

c. A tabular listing giving the number of points upon which the curves
are based and the set of standard deviations.

Extensive tabulations of digitized stress , motion , and l ogbook data
are available to those interested through the Ship Structure Committee.

3. Maxima Observed on Recorder No. 2, Voyage 4

In order to present a sampling of the extreme data seen by Recorder 2 ,
all of the data for Voyage 4 (E&W) was played back on an oscillograph , annotated , and
scaled . In this manner a maximum peak-to-trough value was measured for each trans-
ducer for each interval. These data are presented in Table IX. As noted previously,
Recorder No. 2 data are monitored in four consecuti ve modes. Some of these modes
are swi tched , however , to record other data . This is reflected in Table IX. It
should also be noted that the various maxima listed for any one interval did not
necessarily occur at the same time .

4. Simultaneous Response Data
• It is often useful to compare a response waveform occurring at one spot

with that occurring at another spot at the same t i me. The complete records (all
Recorder No. 1 and No. 2 signals recorded at the selected instances ) from four ex-
amples of high sea state conditions are presented in Figures 7, 8, 9, and 10 , each
representing a diffe rent relative sea direction ; i.e. , head , broad-on-the -bow ,
quartering and following.

5. Averaged Midship Maximum Stresses, Voyage 4

Six longitudinal strain gage arrays are located at midship, on the top ,
mid and bottom sideshell , port and starboard . These are some of the most interesting

(Text continued on Page 105)
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FIGURE 7

SAMPLE SIMULTANEOUS RESPONSE DATA

The following pages present representative simu l taneous
samples of all recorded signals on both tape recorders for:

Voyage 4 Westbound
Index 5
Interval 17 (“A” Mode)

18 ( I I B I S  Mode)
19 (“C” Mode)

20 (“0” Mode)
Tape 25 (Recorder No. 1)

26 (Recorder No. 2)
Beaufort Sea State 10
Relative Sea Di rection Head
Ship Speed 22 Knots
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FIGURE 8

SAMPLE SIMULT ANEOUS RESPONSE DATA

The following pages present representatiye simultaneous
samples of all recorded signals on both tape recorders for:

Voyage 4 Westbound
Index 7
Interval 25 (“A” Mode)

26 (~ 1B 11 Mode)
27 (“C” Mode)
28 (“D” Mode )

Tape 25 (Recorder No. 1)
26 (Recorder No. 2)

Beaufort Sea State 10
Relative Sea Direction Broad on Stbd Bow
Ship Speed - - 20 Knots



4
-55—

I - 
- 8-A I

, ,

- - I -  - 
‘U

- 

-

s - I  

~~

—

- . I ‘

- I -

I - 
-

-

- - I
’

- - - H - - -
- ‘ - - - C ~~~~~~L .  

C’—

I -i- H . 
~t)

I I  
I 

‘ - I ~~~~~~~~~”

’

_ 

(jjj

- - - I4J
_7’

__’
I I I - I

-I, -‘ ‘ 41’ C ’ ’  - - I

- - c_Il__
IC’ 

. - ‘ I l l )

I

- 
_ _

I . - . I ~ 
_
~4 

‘ - ‘ C - ’  ‘ - I .-_5- -~ s-l ~f ~‘_~
_

- I ‘ I  ‘ I  -

C 
I ’ I I , - 

t~~~~
Hf

~~~~~~~~~~~~
1 I

3 
—

- 

I 

I 
~~~~~~~~~

a.



-56-

“ I  ‘ ‘  . 1 ’  1 
‘ 1 

8-B . . .~~~~~~ , 4  

-

~~~

- - - 
I 

- - - I , H
I 

I HI I [ .  
‘ . 1 1

‘~j

I -

- H _____ _______—
~~~~~~~

14 ‘ : ‘ - 
I

- _ [~ - 1 

1 -
~~

I 

- 

- 

- 

-

~~~~

- , .  - , . - . — -  - *~~~~~~~~~ I I

_J - ‘ -  ‘ - - I - I  - ‘ - - - I

C) - - - - - 4  -~~~-I’--1 - -

I I , ’ ~~~~~~~~~~,: - , I I - 

~ -- - - - - • I

cC - ‘ - - 
- —

5- - - - — - -‘ - ‘I ’ - - - ’ s-~~~Is-. . - _  - I - -z I
w , 

- I ~~ - — f 1~ - s- -s--I--- — _ -‘ I I I I - . I - -
I I  - I ‘ ‘ I

-

- 
Q ,.

I~~~
’ - .z ” I ’

~~ ,
L~~ . - - - . 1  H i



-57 -

- ~- 8-C 
H r

- - C I- - 
I~~~ I _  ‘~: - - - -

- - 1 - 

-

It 

-

- - - - I-- 

-

- - 

-±

--

-- t

_ _  _ _ _ I 
- - _ _ _  _

4-_I

ml ~ 
- 

I 

-



-58-

8-0

~
j I

~-H~- - - - - - - i i - -

- -  

-

- .— - -- -—

It

I

.11 1-- - -



-59-

- - 

8-E ~~~~~~I 

I~~~~~~~~~~~~~~~~ s- ’ s -  -

I .  - - 1  -

- _ _ _  _ _-  
- _

- _ ~~~~~ ~ - -  

C~ j

: 

~~~~~~~ ~~~~~~~ I 

- 

~~~~~~ 
~~~~~~~ 

I

2 -

~~~~~~~~~~~~~~~~~~~~~~~ 

I’ j -

~~

- ) • I  .~~.

>9~4 :~~~~~~~ 

I 

~ ‘ I~~ N -

J - I t) .ç~~ 

- , 
0 

- -

I



-60-

- 8-F

- -

T- - - 
(I -II--

) I1~~~2 - ——s--~~ ‘~
C 

(-C - --‘~y r~

4
~~~~~~~~~

‘ 1 I . 1 <  

~~~~ I ’ _
-l 

-
~~~~~~~~~~

‘I

s - I
~~~~~~ 1-~

-
C

~~~

I ~~~~~~
- 

~~~~~~~

I



-61-

I , 
‘ 8-G

- I

‘- I -~~~ - —I

H~H IF
‘ C  ‘ ‘:  , /
_ _ _ _ _ _ _  _____ :5

I
)

I

to ‘Jo U) 71,

-

- 

-

_

I I .  - - . 1

4 - ~~~~~~~

I~~~~~~~. 
-~~~~ ~~~~~~ - ‘ -

- 

i,::! 
- ; : : ~ j _ -~ - 

‘ I

- 

1 4~~~



-62-

8-H 
‘

I - - ‘

. L
I~~~~~ - -

2

~~ CII -

——  ____________  - - - -— ---— 4 -— — — - s --  _____ 

~~~~~~~~~
- (3

- - -

- 

~ II ;

I
C
A

‘Si

- It 
- -

H~b - - H -

- ~~~~~~ - I - -’--’----- -

-
) - -’ ’--

- -  
i_ 1 1 * 1 -

-

~~~~~~~~~~~~~ 

h ’  I L - -
I



II 

-63-

~

____ _______ 
II

——
I — a

- -

$ i c
H~~F 

N
7 ) I~ ç~

~~ II)

-
~~~~ c.. : T

II 7~._“ ‘S__ ____ ______ - - -— I —
.-.-—-__ I

~ 
.

~~~~~~ 

I 

- I 
-

I

- - ~~~-~~~~~ -



-64-

8-J -

- IH 1~, - 
‘ H

- 

~— H H H  - - 

~~~~~~~~
‘ - - ‘

_  = - 
‘-

~~

I - L  - -

- - - -

I I ~~~~~~
It ~SiI ‘ I

— CI-
’

I ; ’ ’ ’  I - 

I

c’J
- - I  - ‘
H I

1 
‘

Q
-

- 

‘ 

‘
~~~I~~~~~~~ ‘

N , H*~ 
- -  

H$ ,’ 
;~~

I T ~~~~~~~~~~~~~~~
I I I .

I I .  ‘ . I .~~~~~ ~~~~~
- -  ‘----4- --’L - I 1 - - - -

- 
9 ~ I I 

~I



- 4
-65-

I : 1 ’ i ’  
- 

8-K

o - - 4 .  - - I ~~~~- I
I - C - - - -

- - - - -

- - - (‘\J
-‘Ii

U - - - -

o 
- — - ~ - ~~~~~~~ 

- - —

- 0

- -

I,

I ~~ _ 
i~ F 

-- 

H~F
_ 

_  

T 
_ __ -  

I ,

~~~~~~ I I~~~~~ 
I - -~~~

I



4

-66-

__- 

8 1

I?J Ii

_ __ _ __ _ _  

It

)l~II_ -

- T -

-

I 

_ _ _ _  

_____ t -~~~~~~~~~~~~~~

~~~~~ 

‘-- s--

u

~~~~~~~~~~~~~~~ 
--C 

.

/

s-I -_ - - - -- I - - ‘ -



-67-

- 

— It - s -~4~~~~ 

‘ ‘i!’ 8-M - . , II’ttT I

-~i~~ 
--
~~~1H - H ~~ H~F 

- -

(0) ‘ - -

- H
— 

__- ‘ 4-— — - -~~~~~~~~~~~~~

f~ ~~~~~~~~~ ~~~~~~~~~

I - 

- 
Ii~ - 

-

I 

-

H iF~ 

4-

~
’
~~

-k-
~~ 

- -

~~~~~

-

~~~~~~~~~~~~~~~~

- ~~~~~ 
-

-

~~~~~~~~~~~~ 

_~~~~~~J 1 .

_ _ _  

_T I
_ _

-~~~~~~~
— 

I 

- 

__ ______ _ _

~~~~
/:

_
~

l
, 

I

~~~~~~~~~~~ 7 -

I



-68-

- 8-N 
I I :
- 

I ‘ 1’ 
‘

- “

5 
I 

. : - ,
~. - I~~ ‘ C ’ -  

~~. 
I —

-. 

‘
‘ ‘ I

~1 
-CI- I) 5,)

-
~~~~~

.--
~; 

-

~~~~~
k-

~~

’

— ____  _ _ _ _  _ _

~3
I 

~~~ 
CI J L J C p1) ’

I - ~ I I  ) 5,)~~~~’ 
~

- ‘III

-CI 

- 

~
‘
~~ I

T ~ Il~~~~~~~~~~~~ ~H
I’: 

- 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H
2i1~ - 

, I 

I ~~~ I

I



4
-69-

- - - - 8-0 - - -L . , -

- C’ - C, - 7,

HIF-

- - - - -  ‘9

~44 
- 

I

II~ 

I

~~ I~~~~~~ f I 1~~~~~~ I

i i~r
-r -

o I .
0 — - -  “ ‘____

- - ‘ C’-

zQ - -

I
I



4

-70-

- - i’ - -  : ‘  8-P - -

. H . H . HI f f Ii
l
H I . . 1’C - I I I ,

I --s- I -~ -
1w )

C
2

* 

It 

_ _

T
- -~~~~~~

I - -

U

- s - I  . I i I  - 

-

I - I -

I~~l - -  1
- I ‘

I~ 
-________

4- s-s- 

~ I 
-



II

-71-

FIGURE 9

SAMPLE SIMULTA NEOUS RESPONSE DATA

The follow ing pages present representative simultaneous
samples of all recorded signals on both tape recorders for:

Voyaqe 11 Westbound
I n d e x  22

Interval 13 (“A 1’ Mode )

14 ( “B” Mode )
15 (“C” Mode)

16 (“D” Mode)
Tape 77 (Recorder No. 1)

78 (Recorder ~4o . 2)

Beaufort Sea State 8
Relative Sea Di rection Quartering
Ship Speed 29 Knots
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FIGURE 10

SAMPLE SIMULTANEOUS RESPONSE DATA

The follow in g pages present repres entat i ve s imultaneous
samples of all recorded signals on both tape recorders for:

Voyage 4 Westbound
Index 26
Interval 33 (“A” Mode )

34 (“B” Mode )

35 (“C” Mode)
36 (“D” Mode )

Tape 27 (Recorder No. 1)

28 ( Recorder No. 2 )
Beaufort Sea State 9—10
Relative Sea Direction Following

Ship Speed 29 Knots

‘5

/

__________________ -
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gages recorded on Recorder No. 2. The maximum peak-to-trough combined values
were scaled from oscillograph records for each i nterval on Voyage 4, separated
into sets by Beaufort Number , and the maximas averaged and plotted . Figures 11-A
and 11-B present the results from this process. For general comparison , the
averaged results from the Longitudinal Vertical Bending (LVB), the Longitudinal
Horizontal Bending (LHB), and the Torsional Shear Midship (TSM) stress gages have
been plotted against Beaufort Number in Figure 12. These results are from the
wave-induced digitized data.

6. Wave Height Radar Data

As part of the continuing effort to obtain accurate information as to
the exact nature of the waves incident to the vessel , a wave height radar system
was installed aboard the SEA—LAND McLEAN . The output , in the form of a slant
range signal , is provided for recording on Channel 3 of Recorder No. 1. The anten-
na for the device is at the bridge level on the outboard starboard side . The
signal , of course, contains components of ship motions. Figure 13 compares the
slant range signal with Vertical Bending Stress, Bow Verti cal Acceleration , and Rol l
Sensor outputs .

7. Torsional Response Data

The simultaneous waveforms have been used to develop data plotted in
Fi gure 14, which shows the -relationships between strains at the upper corners of
the midship transverse girder , and overall midship torsional shear.

8. Simultaneous Comparison of Longitudinal Gages 
-

Figure 15 illustrates the set of instantaneous values from the six
longitudinal stress gages as functions of their locations. This figure is desi gned
to be comparable to similar figures presented In the calibration report (Reference 3)
for static cond i tions.

IV . DI SCU SSION OF DATA
The followi ng discussion is based on the data presented from the fi rst season.

In some cases points are discussed which are the results of observations made during
the calibration experiment (Reference 3). -

Many relationships can be Inferred from the data presented. It is the objective
of this di scussion to explore some of the more salient features of the ship ’s
response characteri stics . No attempt has been made to summari ze or correlate all
available data. Various forms of data summaries have been used to indicate the be-
havior of the signals originally recorded on analog tape. Oscil lographic display of
the magnetic tape data results In time histories from which Instantaneous comparisons ,
waveform analyses , and other manual studies can be performed. The manual studies
include a table (IX) of maximum values for Voyage 4. In addition , eight channels
of all data from Recorder No. 1 have been digitized , summari zed , and parametric
studies performed, as mentioned above.

Due to the mass of data collected , it is not possible to publish an all -inclusive
summary of results which will not lose some features of the data. Selected analyses
have been performed which present some of the more important data comparisons and
evaluations . Other areas of interest should be defined by other Investigators (SR-2l 7,

L for example) or Advisory Committee menters. An attempt will be made to include the
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desired data or format in future reports or, if the need is pressing, to issue
appropriate supplemental reports.

A. Voyage 4 Simultaneous Response Data

As indicated by Fi gure 6, no sea conditions in excess of those correspond-
ing to Beaufort 9 were encountered during eastbound voyages, and only two indexes
had Beaufort Numbers of 9. In either direction the most commonly reported Beau-
fort Number was 4, whereas the median value was 5. During westbound voyages
Beaufort Numbers of 9 and 10 were reported about equally. Westbound voyages are,
therefore, used for high-sea-state , ins tantaneous data presentations. Voyage 4
had the highest average and peak sea states. It was , therefore, used to provide .
simu l taneous response data for signals assigned to Tape Recorder No. 2 for Figures
7, 8, 9, and 10.

Figures 7, 8, 9, and 10 present recorded high sea state response data for
head , broad-on-the-bow , quartering, and fol lowing relati ve sea conditions. Ship
speed is reduced from about 30 knots to about 20 knots in the head and broad-on-the-
bow cases.

As expected , the most obvious difference between the four sets of data is
the period of the wave—induced (long period , low frequency) responses. In the head
or broad-on-the-bow data, the 8-9 second wave encounter period is obvious along
with the constant 0.8 Hz first-mode structural frequency. For the quartering or fol-
lowing sea cases, a much larger and less well defined wave-induced stress period is
present along with the 0.8 Hz first mode response. The magnitude of the peak-to-
trough l ongi tudinal vertical bending stress (LVB) is dependent on and approximately
equal for similar sea state numbers .

1. Head Seas

An example of slamming is exhibited during Interva l 17 (Mode A) of
Tape 25 (head s~a). A fai rly clean hogging stress is fol lowed by sagging and high
fi rst mode stresses. The fi rst mode stresses gradually decrease over a peri od of
40 seconds . Vertical accelerations at the midship and forward deckhouse accelero-
meters are also evident and closely fol l ow the vertical bending stress curve. At
the same instant there are similarly shaped but oppos i te longitudina l stresses in
the top and bottom hull sideshell gages (LSTP, LSBP, LSTS, LSBS, all on Recorder
No. 2, both port and starboard) with virtually no stress exhibited at the vertical
bending neutral axis (LSMP and LSMS). The bottom stresses are lower than those
measured by the top gages because they are closer to the neutral axis.

The small differences , port to starboard , between the respective mid -
ship top , neutral axis (mid) and bottom sideshel l gage outputs are due to hori zontal
longitudinal bending components. Thi s component , along wi th the longitudinal warp-
ing stress, also contributes to the nonzero output of the mid sideshel l gages.
Neutral ax is shear gages (SAP and SAS) show similar responses with the opposite
polarity (due to the port and starboard wiring convention).

Another example of slamming Is shown near the reference lines of the
‘1B” Mode (Interval 18) of the same tape . In this case the aft rosette responses
are monitored on Recorder Mo. 2. Al though AR-l and AR-2 are located In similar
positions but opposite sides , they nevertheless exhibit dissimilar responses in
magnitude for the longi tudinal and transverse gages (elements A and C, respectively).
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In comparing the diagonal ~~~~~ out r -  ~s , however , it should be kept in mi nd that
these elements are parallel ~o L d L  other and are not symmetric about the ship ’ s
l ongitudinal centerline .

It is interesting to note that although the response period of these
gages is similar to that of the longitudinal vertical bending stress gages, their
peaks are more rounded and the waveform lags the bending sensor output slightly.
The l argest output for this gage group is exhibited by the longitudinal element of
AR-4 which is located in the starboard longitudinal tunnel top. It reflects the
longitudinal bending stress at this location.

Intervals 19 and 20 (Modes “C” and “0” of the same i ndex) present simi l ar
sea conditions and similar responses on the respective Recorder No. 1 sensors . The
longitudinal element of rosette Rl (located aft of the forward house) exhibited the
largest stress of the rosettes in this group. Second larges t was the longitudinal
element of the similarly placed gage on the opposite (starboard) side . Virtually
identical stresses were measured by the diagonal element of this gage and the longi-
tudinal element of the gage located in the tunnel top (R3). A still lower stress
was present in the longitudinal element of the outboard tunne l top gage (R4). To
summarize , the line load seems to be droppi ng off towards the outboard sides with
the forward house a si gnificant factor in the transmission of bending stresses.

Only moderate stresses were recorded in the mid and aft transverse girder
corners (in the transverse direction). It is interesting to note that response ex-
hibited by the mid girder gages are predomi nantly wave-induced , while the aft
responses contain obvious fi rst-mode components. The tensile stresses on the forward
plate of the transverse girder , coupled with c ompressive stresses on the aft (bulk-
head) plate , indicate a horizontal bending mode. Notice also that the midship
torsional shear sensor indicates some small torsional stresses of a similar shape .

2. Broad-on-the-Bow Seas -

On the whole , the major characteristics of ship responses to this con-
dition are similar to that for head seas. Vertical bending stress is somewhat re-
duced while torsional shear, horizontal bending, and roll are slightly increased .
The pronounced first-mode slamming stresses are gone from the sample record .

All of the remaining sensor records are at or below the levels for the
head sea conditions . Although both sets of intervals were recorded at Sea State 10,
the present set Is followed by a Sea State 9, and it is possible that the sea state
had , in fact, moderated to a small degree. Other studies of the overall Voyage 4
data indicate that the maximum peak-to-trough stresses are very strong functions of
sea state for levels of eight , and above. This may well explain the reduction in
s tres s magnitude. Logbook entries of the observer for this Index indicate spray
over the ship but no slamming. This is probably the result of the reducti on in sea
state and not the change In relative sea direction .

3. Quartert~Q Seas

The most obvious characteristic of the quartering and followi ng sea
conditions is the long-period wave-induced responses. Another striking difference
is the Indicated roll ÷ 13 degrees in Interval 13 (“A” Mode). This is accompanied
by virtually no pitch or vertical acceleration , but significant transverse accelera-
tion in phase with the roll. In this case the longitudinal neutra l axis stress
midships is not negligible , but is composed primarily of horizontal bending. Note

_____________ - -——---- .----- — - --— — - -



I
— 111 —

the out-of-phase relationship port and starboard , and the similari ty to the longi-
tudinal horizontal bending stress sensor output. It should be noted that although
torsional stresses may contribute to this signal , the period of the torsional shear
sensor output is different from that exhibited by the neutral axis or horizontal
bending sensors .

Of the aft rosettes only the diagonal element of AR-l (port side , near
hatch cutout) showed significant strains , probably due to its being aligned with a
stress trajectory from the aft house around the hatch opening.

The measured roll period does not correlate to the vertical or hori zontal
bending or torsion sensors. Roll does, however , correspond generally to the forward
hull longitudinal strain sensors (HLSP/T-T/B).

Only smal l stresses were recorded for mid and aft transverse girders.
The forward and aft signals seem to be uniformly out of phase.

4. Following Seas

The sample record presented for the following sea condition has a higher
associated sea state than the preceding quartering condition. Many more instances
of fi rst-mode excitation are present on all traces. In general , the peak-to-trough
stress l evels are higher than for the quartering sea case. This is due , however , to
the increased sea state rather than the relative sea direction. (A later section in
this discussion will present data to affi rm this assertion.)

Another characteristic of this data set is the nonperiodic nature of
most output traces. This feature makes comparisons of phase behavior among the
responses di fficult.

The vertical bending sensor shows some evidence of slami ng (a rela-
tively clean hogging moment followed by first-mode excitation and an increasing sag-
ging moment.) As would be expected from the followi ng seas, ~~~ry little torsional
shear is present. Roll motions were significant at 20 degrees peak-to-trough.
This trace is not a smooth sinusoid as in the case of the quartering sea , but re-
flects a continuous forcing function application without a steady state or decayi ng
component. -

Although virtually no pitch is present , a midship vertical acceleration
in excess of O.lg (peak—to—trough) was present , indicating a heaving translation .
A decoupled (i.e., not at the same or harmonic frequency) transverse acceleration
component of about O.4g peak-to-trough was also exhibited . The hori zontal bending
signal correlates reasonably well wi th the roll angle. It can also be seen that
the forward shear sensors correspond closel y to the midship longitud i nal stress
sensors (available only in the “A” mode) including phase , indicating that these
shears are generated mainly by overall vertical bending.

A large (approximately 20 Ksi , peak-to-trough) stress was again present
in the diagonal element of the port aft rosette (AR-l). However, there again was
no correspondence between the longitudinal and lateral elements of this gage and
the symmetrically placed elements on the starboard side. This may be due to the
nature of the cargo loading. If the net l oad in each hold has a port or starboard
component the static and dynamic effect of this offset may be to i nduce these
types of stresses.



-112-

Gages located in the longitudinal tunnel exhibi t the largest stress
in the longitudinal direction both forward (gages R-13 and R—l4) and aft (gages
AR- 3 and AR-4). In all cases these stress outputs closely fol l ow the midship
vertical bending sensor output.

B. Extreme Variations with Sea State

All maximum peak-to-trough values (combined wave-induced and vibratory ) of
the six longitudinal stress sensors have been averaged for each Beaufort Number of
Voyage 4 and plotted in Figures 11-A and Il-B. In addition , Figure 12 shows similar
averages for the LVB , LHB , and TSM transducers taken from the digitized wave-induced
records. In all cases , each average contains all ship speeds and relative wave
directions.

Average vertical bending and individual midship longitudinal stresses (port
and starboard , top and bottom) all increase with increasing sea state. However , at
Beaufort Numbers of eight and above , they increase at a faster rate . This situation
does not seem to hold for the Torsional Shear Midship or Longitudinal Horizontal
Bending sensors. The midship longitudina l neutral axis gages (port and starboard),
which see the combined horizontal bending and restraint—o f—torsional-warping stresses ,
similarly do nc’t exhibit the marked stress increase above Beaufort 8. It is there-
fore probable that the vertical bending stress increases are real and not due to a
systematic error in Beaufort Number estimation.

The stresses measured by the six longitudinal gages include components from
vertical , horizontal , and torsional loads. The values for the neutral axis pair
(X’ s in Figures 11-A and 11-B) are relatively insensitive to vertical bending , how-
ever , so the moderate increase with increasing Beaufort Number must be an indication
of increasing horizontal and/or torsiona l loads. This is confirmed by inspection of
Figure 12 , which shows an equally moderate i ncrease in those components . The fact
that the individual stresses at the bottom on each side are consistently lower than
the comparable deck stresses is because of the location of the neutral axis at about
44% of the depth , measured up from the basel i ne. The significantly higher values
for vertical bending at Beaufort Numbers above eight are probably the result of the
existence of waves , or combinations of waves and swells , considerably higher and
longer than those observed at the lower sea states. Inspection of the logbook data
for Voyage 4 in Appendix 4 shows many intervals of reduced speed operation wi th
pitching and slaming noted .

C. Sample Wave Height Signals

Two intervals of wave height radar outputs are presented in Figure 13.
This instrument measures the slant range from a position on the forward house to the
ocean surface at a constant relative bearing. A minimum of two corrections are re-
quired in order to correlate these data to the wave height. Al though the ang le
between the ship ’s vertica l axis and the radar transmission axis is constant ,
ship ’s roll alters the angle between the transmission axis and the ocean surface.
This , In turn , changes the slant range. In addition , the verti cal height above
the ocean changes due to pitching and heavi ng. This also changes the slant range .
Some of the requi red correction signals are available from the instrumentation
system. Roll angle can be utilized directly. A double integration of the forward
vertical acceleration signal will yield the change in vertical height of the radar
from any reference level.
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In reviewing the output trac es of the wave he i ght radar some correla-
tion can be seen between the roll and radar output. Although this correlation
co u ld be due to the waves affect ing the sh i p ’s roll , it is probable that the re-
verse is true ; the roll is affecting the measured wave height. A lesser corres-
pondence is seen between the vertical acceleration and the radar output. In some
i nstances , however , the periods of these two signals coincide.

(This discussion has i gnored the second-order effect on true wave height
from changes in angular relationships due to the accelerometers being mounted in
the strap-down configuration.)

D. Tors ional Stress Indicators

One of the conclus ions of the Cal i bration Report (see Reference 3), i s that
the midship transverse girder gages (TGMS) are a more sensitive indicator of torsion-
al loadi ng than the midship torsional shear sensor (TSM). Seaway data provide an
addit ional reinforcement of this assertion. Figure 14 presents a plot of the tor-
siorial shear sensor output against a measure of the horizontal bending in the midship
transve rse girder. Each point represents a randomly-selected peak-to-trough stress
reading with ordinate and abscissa values taken at the same instant in time . The
data from which these points were drawn represent the higher sea states . The dif-
ference between the signals from the upper (fore and aft) corner gages in the trans-
verse girder is taken as the measure of hori zontal bending in the girder. Since the
Output of these gages is 180 degrees out of phase , their algebraic difference re-
sults in their absolute values being additive. A pure horizontal bending component
is thus generated wi th twice the sensitivity of a single gage. (This bending results
i n an “S” curved transverse girder with the ends at each longitudinal tunnel acting
as f i xed .) -

It can be seen from Figure 14 that the hori zontal bending stress generated
i n the transverse g i rder i s h i gher , by a factor of approximately 16 , than the cor-
respond in g tors i onal s hea r stress for all sea direct i ons.

E. Midship Longitudinal Gages

The odd behavior of the six midship longitudinal stress gages during the
cal ibration experiment (see Reference 3) raised some questions as to the correct-
ness of the instrumentation system with regard to these gages. Seaway data can be
used to verify their proper operation under the assumed conditions.

Figure 15 presents a plot of the output from these six midship gages for
an instant in time . A head-sea condition was chosen so as to minimi ze the torsion-
al contr ibution to longitudinal stress which cannot easily be separated from the
horizontal contribution . As show n i n the f i gure, the s tresses are wel l behaved and
what one would expect of a vertical bending condition with a small horizontal compo-
nent. Th is representation is typical of that which was observed in many instances
for the seaway da ta. It thus affirms the proper operation and confi gurat i on of
these gages .

F. Parametric Studies (Appendix 3)

To aid in the i nterpretation of the results of the parametri c studies
(which are , In effect , a presentation of the enti re season ’s data from eight of
the most important transducers), the plots and tables from the Longitudinal Vertica l
Bend ing (LVB) stress data will be considered in some detail.

—-—-- .-- -— -



0 -114-

Fi gure B-l is a “dot-plot ’ of the RNS s tress value from the LVB trans-
ducer by Beaufort Number for the entire season . There are 2,078 points shown.
The great scatter i n each Beaufo rt Number i s ca used by the fact th at these po i nts
are from all relative wave directions and all ship speeds. Figure 8-2 has been
p lo tted from these bas i c data po in ts analyze d i nto f i ve class i f i cat i ons of s hi p
speed. The classification nomenclature is given in Table B-Il , and in al l of the
Tables B-Ill through B-XXXIV at the end of Appendix B. Again , the averag e values
given for each ship speed also contain some range of relative wave direction.
Fi gure B-2 shows that the highest mean values of RMS vertical bending stress were
measure d at Bea ufort 10, at ship speeds between 20 and 25 knots . Note that at the
next higher speed range the stresses were l ower at the highest Beaufort Numbers ,
which is probably due to predominantly quartering or following seas. There are
no reported cases of operation at full speed a: Beaufort Numbers higher than 9.

Figure 8-3 is a similar classification of the data by relative wave
direction. The values for Beaufort 10 (which contain a range of ship sneeds as
shown in 8—2) indicate that the highest stresses were experienced in head seas ,
the next highest at relative wave directions from 31 to 60 degrees , and the next
highest in quartering seas. Beam seas produced the lowest vertical bending
stresses at Beaufort Numbers 8 and above.

Figures B—4 through 8-6 are organized in the same way except that they
p resent the distributions of the maximum peak-to-trough stress variations. The
stress amplitudes scales are doubled , but the general distributions are the same .

The tables following these figures in Appendi x B present the basic data
for the figure s , and , i n add i t i on , the standard deviation of the mean values.
These provide a measure of the scatter of the data .

Some brief coniiients can be made concerning the results of these para-
metr i c stud ies :

1 . Horizontal bending stress is much l ower than vertic al bending stress ,
and is less sensitive to v~riations in ship speed and relative wave direction ,
although quartering seas appear to contribute si gnificantl y to hig her stresses at
Beaufort 10.

2. Tors i onal Shear Midship is even l ower , w i th less sca tter a t Beaufor t
9 and 10. Quarteri ng seas are a factor at Beaufort 10.

3. Forward Shear Port and Starboard results are essentially the same . The
largest shearing stress variations occurred at Beaufort 8, in broad-on-the-bow
and quarter ing seas .

4. The Roll results show more rolling at higher Beaufort Numbers with
higher speeds. Quartering and beam seas cause the mos t rolling . A maximum
dynamic roll of + 18° was recorded at Beaufort 10.

5. The maximum pitching angle was + 2.5 degrees at Beaufort 9. The most
pitching occurred at head seas , the least at beam , quarteri ng , and following.

6. The Forward Acceleration (Vertical) showed a maximum of + 0.45 g.
Highest values were recorded in head seas.

I
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V. POSSIBLE DATA FORMATS

This report presents data in a number of forms , those which seemed most ap-
propriate for an overall survey of the data from the first season . I ncluded are
expanded time-histories , logbook tabulations , ta bula ti ons of ma x i mum values scale d
from compressed time -histories , and p lots der i ved from para metr i c st udi es of
digitized response and logbook data. Also available , but too voluminous for
publication , are tabulations of response and logbook dat i for each interval , all
season , for all eight digitized transducers . As a guide for the consideration of
possible expansion , modification , or dele ti on of these da ta formats , F ig ure 16 has
been prepared to indicate the various possible data presentation formats.

Of the formats i l lustrate d , all but the spectral computations and manual tabula-
tions of logbook data have been used in this report. From the standpoi nt of rela-
tive cost the manual formats shown at the top of the figure are least costly, but
are cumbersome where a numbe r of transducers are to be compared . An expanded time -
history is essential for the instantaneous comparisons , since the digita l data from
di fferent transducers have no common time base once a specific interval is defined .

Digitizing the data is relatively expensive , both in man—hours and in computer
cos ts , but this method has great advantages for rapid tabulati ons and plots of both
logbook and response data. At present the data is filtered so that RMS and maximum
values are computed from essentially pure wave-induced response , for compar i son w i th
design data derived on the same basis. Vibratory components from slamming or other
exc itations are retained in the basic digitized record of 12 ,000 data po i nts from
20 minutes of each 30-minu te interval . Spectral computations are made from this
record .

In cons idering decisions on data formats , the basic questions concerning the in-
formation desired should be formulated in terms of choice of instantaneous vs.
stat ist i cal data , a few samples under specified condions vs. the entire season , need
for f u ture use of the same data , one transducer or many , and so forth , in order to
arrive at a rational decision balancing information desired against cost.

VI. SUF+IARY

The fi rst season of data acquisiti on from the S.S. SEA-LAND McLEAN was a suc-
cessful one. This report has presented a large amount of data with brief discussions
and eval uations. As additional data are acquired during the second season , and the
firs t season data is analyzed more completely, a comprehensive picture of the struc-
tural behavior of this uni que class of vessel will emerge.

V II . ACKNOWLEDGEMENTS

A program as complex as this can succeed only with the cooperation of many
people and organizations , Thanks are due specifically to Mr. John W. Boylston of
Sea-Land Service , Inc. , and to the officers and crew of the S.S. SEA-LAND McLEAN
for all of their efforts to make our part of this work successful . Special thanks
also to Teledyne engineers E. 1. Booth and H. S. La Montagne for manning the ship
and bringing back the data .

I



- - - -  - - - - 

I

-116-

4,

0 U
‘4—

~ J 4 ,  4-~ 0~CU a- L. ~~~~ - L
C ~ - a j
w ~- ‘U .-‘4-

.,-~~~~ ~~~~~~~~~ 00• . — V  E I~~~~.w 0. 4, 0~~~~I. C C  C) 0.L.
S. ‘+- I~ ‘~~~ ‘~ 0w S.. ~? L ’ s-. .,,
4-’ ‘4- U U 4-’ 4’ 0 ~~ w +‘
C 0~~~~ C C 5) 4-) 0-

~~ 
,o -. 0 - C 0 .— 0 0

V 0-~~~0 — 0- U.—4- O C  w 4- U~~4-~~.— 0.
5) ‘fl , n W  5 ) 5 ) 5 )  .—
0. 4- 5) >, 5) 5) 4-’ 0

.C G) fl
5) C 0. 4#~ ‘4- -~~ 4-’ ~-‘ 5)

0 05 )  4—’ IJ
— _ 0 c  _,.‘.— 0~0 4’ 5)

~~ O 4’ .D 0. 0
0 0 0 U)Uc  G.)~~/I 0 0 0

C .._ C o .  .._ .~~~~~ I.
5) .-. 4-) .0

5 ) 4 ,  4-’ C f l 0O~4. c ,i, . — C 0
‘fl- c :,.o .— 5)

5)5) 4-’ O .0 1.
5) 0

01 010 C 4 -~ ~— a.
—‘d 4,1~ E ~- 4-’>,0 >.0) ‘U•0 i-

01 4-’ 4~1 I U) 0
U) U) I ~~ U.

I - I cD ‘0i \ ~~~~.-. — cr , . . 0I \ ‘. I ~— < 5’/ ‘ I L ) #—

\ / I
I 

~~~~ I 8 i~~
_ _ _  

-
. 

L8

fl~4ui
— ~~~~~~~~~~~~~~~~ 

2’ 
‘N~~ ~

• V / ,2” h  UN I /
H \ 

‘V 
_ _

~ 
II~TII~

I

4

- -

~ 

-- - - - — -~~~~—-.- - —— - -



‘a
—117 -

VI II. REFERENCES

1. FaIn , R . A., Desi n and Ins tallation of a Shi Res onse Instrumentation
~ystem Aboard t e - a s s  on ta i ne rs  i~ . . S -L ND c, ipStructure Coninittee Report SSC-238 (SL- - ), 1973.

2a. Johnson , A. E., Jr. , Flaherty , J. A., and Walter s , I. J., A Method for
~~qj~tizing, Preparing, and Using Library Tapes of Ship Stress andEnvironment Data. Ship Structure Committee Report SSC-236, 1973.

2b. Johnson , A. E., Jr. , Flaherty , J. A. , and Walter s , I. J., Co uterPro rams for the Digitizing and Using of Library Tapes of Stress
an nvironment Data, Ship Structure Committee Report SSC-237, 1973.

3. Boentgen , R. R. , and Wheaton , J. W., Static Structural Calibration ofShip Response Instrumentation System Aboard the S.S. SEA-LAND MCL~AN,Ship Structure Committee Report SSC-263 (SL-7-7), 1976.

I

i 
-  — - - ----- ---.

~~~~~
——-



--

II -118-

APPENDIX A

Partial Listing of Logbook Data
Fi rst Season

S.S. SEA-LAND McLEAN

Nomenclature

VOY = Voyage number , East or West

TP = Analog magneti c tape number

INT = Data interval number

lOX = Logbook index number

DATE = Month/Day/Year

Time = GMT

SPD = Ship  speed , knots -

BN = Observed Beaufort Number (appearance of sea)

RWVD = Relative Wave Direction (degrees , Port or Stbd )
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APPENDIX B

PARAMETRJC STUDIES

This appendix contains the plots and tabulated sunraries resulti ng from the
parametric studies program, designated 00SPLOT” . Each plot presents either a
five-curve family of various ship speeds or a five-curve family of relative wave
direction groups for a transducer outpu t against Beaufort Number. Within each’
Beaufort Number , the magnitude of a particular point is determi ned by calculating
the mean of the appropriate data. A superscribed note on each plot designate s
wh ich value is applicable. The measured data set is composed of the maximum wave-
induced peak-to-trough value within each 30-minute data interval , or the RMS value
determi ned for that Interval . The graph title notes which characteri zation is ap-
plicable. Eight measurements, all from Recorder No. 1 , were selected for study :

1. Longitudinal Vertical Bending Stress
2. Longitudi nal Horizontal Bending Stress
3. Torsional Shear Midship Stress
4. Forward Shearing Stress-Port
5. Forward Shearing Stress-Starboard
6. Roll Angle
7. Pitch Angle
8. Forward Hull Vertical Accelerat ion

Each tabulated suninary (Tables III-XXX IV) presents a listing of all plotted
points along with the number of data points comprising each plotted mean point and
its standard deviation.

Table B-I provides an i ndex for all parametric plots and suninaries.

Table B-Il gives the code for the ship speed or relative sea direction curve
families as used in the plots .
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- TABL E B-I

Foopa re sod 7able Index for 5’arao~ t r$c Swdies

~O0~ va lu e w i t h i n  
F 0 r 5 e II 5 Q 0’

73~~b 30—minute ___________ ___________ ____________ ___________ ___________ ____________

‘ 1 0 1 0 0 1 0 3 1  C,~~:
LVII t u B  TSM SFP SF5 POLL PITCH FAV

i~~~ oa lues s, ’ th in  I 
Pa~~ T e a af o rt  ‘lo. Sot

’,’,’, 
~Sl410 M~~ RM~ ~~ R’4~ ~~~ RMS MIS ~~~ ~~~~ P115 1-lao *115 Mao 0115 Mdx

A l l  Dota Po in ts  1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46

~~~~ of ~~~~~~~~~~ 2 5 8 11 14 17 20 23 26 29 32 35 38 4 1 44 47
A 1l D~ ta

Points 
~~~~~~ ~3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

~o~~ ary ~~~~~~ 
III V V I I  Iv XI  XIII XV XV I I  X IX XXI  XXI I I  XXV XXVI I  X X I X  * 001  X I I I !

List Ing
by Re lat l ve

~iaoe IV VI VI I I  X XI I  X IV XVI  X V I I I  X X XXI I  X X IV XXVI  XX V I I  XX X X X X I I  X X X I V
_____ fllr,srl,rm

Note: Ara :, ic numbers are Fiojure Numbers 8—1 • etc.
Roll/n ro u,o~,o. o’01s oro T Ible Musters B—I l l , etc.

05.e Table III for de f in i t i on  of Sensor Abbreviations

TABLE B- Il

LEGEND FOR PARAMETRIC STUDIES

Ship s Relative Sea
SYMW1L Speed , Knots uire ction , Dog. P or S

ci 

— 

1- 15 0-30

— 1~-2O 31-60

61-1 20

v 
25-30 121-150

30-35 151-180

1’
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